BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to an insert molding method and 
a metal mold therefor, that are used for molding a synthetic resin 
or rubber (hereinafter called "insert molding") in a state where 
an insert {a work) is disposed in advance in a metal mold. 

Description of the prior art 

The insert molding is a method for injection molding of 
synthetic resin, etc., in a state where a pre-molded article called 
an insert or a work is disposed in advance in a molding metal mold, 
and forming a resin molding part on the upper surface and 
circumferential side of the insert. The insert molding has been 
widely utilized in production of various types of electronic 
components. Also, the insert molding is applicable to various types 
of resin molding methods . However, the present invention is limited 
to an injection molding method. 

An insert disposed in a metal mold may be a resin molded 
component (plate-shaped, bar-shaped, or box-shaped, or of other 
shapes) that has already been processed, or a component made of 
a different type of material such as metal, glass, ceramic, carbon, 
etc . 

There are many cases where the inserts are not necessarily 
accurately produced with respect to dimensional standards, for 
example, if an insert that is uneven in the thickness dimension 
thereof is disposed in a metal mold and injection molding is carried 
out, a gap- is produced on the contacting surface between a part 
of the insert and the upper mold even if the molds are tightened, 
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and injected resin is caused to flow out through the part to become 
burrs . 

A detailed description thereof is given with reference to the 
accompanying drawings. As shown in Fig. 6-A, in a case where an 
insert 1 is plate-shaped, its finishing accuracy thereof is not 
satisfactory, and a difference of hl<h2 is produced with respect 
to the thickness thereof, the insert 1 is set on the upper surface 
of the lower mold 2 and the molds are tightened, wherein the side 
having a larger thickness (the h2 side) on the upper surface of 
the insert 1 is brought into contact with the underside of the upper 
mold 3, and clearance is produced at the side (the hi side) having 
a smaller thickness. Speaking in a different way, since the insert 
1 is inclined, clearance is produced at the circumference of the 
lower surface of a cavity 4 (recess) prepared on the upper mold 
3 side. The cavity 4 is a part that is molded with a synthetic resin. 
Therefore, if synthetic resin is injected through a gate 5 in a 
state such clearance is produced below the circumference of the 
lower surface of the cavity 4, burrs 7 are produced at the lower 
end part of a resin molded component 6 as shown in Fig. 6-B. 

Particularly, since resin is injected at a high-pressure level 
in the injection molding method, resin may leak through remarkably 
minute clearance or gaps and burrs are likely to occur. In order 
to prevent burrs from being produced, if the injection pressure 
is set to a lower level, inconveniences are brought about in accuracy 
and physical properties of the molded articles. 

Several attempts have already been made in regard to 
improvement in preventing the above-described burrs from being 
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produced in the insert molding. The result was disclosed in, for 
example, Japanese Unexamined Patent Publication No . Hei-8-288326, 
etc . 

SUMMARY OF THE INVENTION 
The Object of the invention 
A problem regarding generation of burrs in the insert molding 
is a critical defect resulting in defective or useless insert 
products. Also, the problem results in an increase in production 
costs due to the occurrence of a necessity to remove burrs in 
addition to generation of production losses. It is therefore an 
urgent matter to solve such a problem. 

The above-described Japanese Unexamined Patent Publication 
No. Hei-8-288326 described prevention of burrs from occurring by 
absorbing unevenness in insert thickness by supporting the 
underside of a supporting member on which an insert is placed by 
means of a resilient member (a plurality of string-wound springs) . 
However, since the dimensional unevenness of inserts are not fixed 
but include various levels in unevenness, a completely satisfactory 
solution could not be achieved by supporting the inserts by a 
plurality of springs by which a uniform force is applied to the 
supporting member of the inserts. 

In addition, as described above, there are a great many types 
of inserts, for example, not only metal inserts that are 
press-worked, and synthetic resin inserts, but also ceramic, carbon, 
and glass inserts that are likely to be broken with only a low impact 
force. In particular, in the case of the latter ones, which are 
uneven in terms of the outer dimensional evenness, there arise cases 
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where the inserts disposed in the mold are broken when tightening 
the molds, thereby resulting in losses in products. 

The present applicant disclosed an insert molding method and 
a metal mold, which are excellent in prevention of the above inserts 
from being broken, prevention of burrs from occurring, and 
production, operation and maintenance at metal molds, with Japanese 
Patent Application No. 2000-149547. 

The insert molding method (metal mold for insert molding) 
according to the above-described preceding invention is an insert 
molding method (a metal mold for insert molding) for injection 
molding of resin or rubber at an insert set in a lower mold by 
injecting and filling melted resin or rubber into a cavity of an 
upper mold through a gate in a state where the upper mold and lower 
mold are disposed so as to be opposed to each other, wherein a movable 
supporting member for setting the above-described insert is 
inserted into and placed in a recess formed on the upper surface 
of the above-described lower mold, the position of the center of 
gravity on the underside of the movable supporting member is 
supported by the tip end of a shaft of a pressing mechanism and 
is pressed to the upper mold side, and the above-described movable 
supporting member is inclined centering around the pressing and 
supporting point by the corresponding shafts in the above-described 
recess so that, by causing a gap to exist between the side portion 
of the above-described recess and the side of the movable supporting 
member, the upper surface of the insert is evenly brought into 
surface contact with the underside of the upper mold. 

As has been made clear in the above description, the preceding 
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invention was constructed so that the position of the center of 
gravity of the underside of the movable supporting member is pressed 
in the direction of the upper mold by shafts of a single pressing 
means. Through subsequent study and research, such information was 
obtained, such as it being difficult to secure a balance of the 
movable supporting member with single-point supporting of the 
position of the center of gravity on the lower surface of the movable 
supporting member in a case where a molding article is large with 
its side exceeding, for example, 15cm, or where an insert itself 
is large (for example, one side thereof exceeds approximately 2 Ocm) . 
That is, in the case of insert molding of such a large-sized molding 
article or by such a large-sized insert, it was found that, with 
control made by single-point supporting of the movable supporting 
member, it was difficult to carry out stabilized injection molding 
in which no burrs are produced. 

As has been made clear in the above description, it is therefore 
an object of the present invention to provide an insert molding 
method and a metal mold, which are capable of carrying out stabilized 
insert molding, in which no burrs are produced, even in insert 
molding of a large-si zed molding article or by a large-sized insert. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of the major parts of a metal 
mold according to the invention; 

Fig . 2 is an outlined perspective view of a metal mold according 
to the invention/ 

Fig. 3 is a general view explaining flexibility of a movable 
supporting member; 
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Fig. 4 is a general view showing a cycle of injection molding 
by using a metal mold according to the invention; 

Fig. 5 is a general view showing a cycle of injection molding 
by using a metal mold according to the invention; and 

Fig, 6 is a view explaining the prior art example. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
A detailed description is given of embodiments of the invention 
with reference to accompanying drawings. 

As shown in Fig. 1 and Fig. 2, a metal mold for insert molding 
according to the invention is featured in a construction at the 
lower mold 10 side. That is, a movable supporting member 20 having 
flexibility is vertically movably disposed in a recess 11 on the 
upper surface of a lower mold 10 and is pressed and moved in the 
direction of an upper mold 40 by respective shafts 31 of a plurality 
of pressing means 30 each being composed of a hydraulic jack, which 
is disposed on the underside of the movable supporting member 20. 

An insert 50 is placed on the upper surface of the movable 
supporting member 20. As shown in Fig. 1, the recess 21 is formed 
on the upper surface of the movable supporting member 20, and the 
recess 21 is used to position the insert 50 when the same insert 
50 is placed thereon. Also, for a convenience of the drawing, 
although it seems that there is a gap between the wall surface of 
the recess 21 and the side of the insert 50, in actuality, there 
is no gap therebetween. 

Recesses may be formed at the positions that are brought into 
contact with the tip ends of respective shafts 31 of a pressing 
means 30 on the rear side of the bottom of the movable supporting 
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member 20 so as to correspond to the shape of the tip end portions 
of the corresponding shafts 31. In addition, it maybe constructed 
that the tip ends of the shafts 31 and the bottom surface of the 
movable supporting member 20 are adsorbed by each other by an 
electromagnetic force or a electrostatic force, and furthermore, 
these are brought into contact with each other with positioning 
pins intervened therebetween. 

Also, as a matter of course, the kinetic structure of the 
movable supporting member 20 is required so as to stand against 
an injection force of a melted resin or rubber material as a part 
of a metal mold for injection molding. 

The number and arraying position of the pressing means 30 are 
four in total with one provided at the respective corners of the 
insert 50 as one example as shown in, for example, Fig. 1. However, 
the number and arraying position thereof are not limited to the 
example shown in Fig. 1, wherein the number and arraying positions 
thereof may be subjected to various designs and/or modes of, for 
example, eight in total with two provided at the respective corners, 
or sixteen in total with two further provided at respective sides, 
or another mode consisting of some pressing means provided at the 
middle portion. In summary, the number and arraying positions of 
the pressing means may be acceptable, which can meet a requirement 
by which the entire insert 50 is uniformly pressed to the upper 
mold 4 0 side via the movable supporting member 20 having 
flexibility. 

A plurality of pressing means 30 disposed are constructed so 
that the hydraulic pressure of each of the pressing means 30 is 
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independently controlled. Therefore, as shown in, for example, Fig. 
2, if the respective pressing means 30 are actuated in a state where 
the insert 50 is placed in the recess 21 on the upper surface of 
the movable supporting member 20, the lower mold 10 is elevated, 
and the upper surface of the lower mold 10 is brought into close 
contact with the underside of the upper mold 40, the upper ends 
of the shafts 31 of the pressing means 30 are brought into contact 
with the underside of the movable supporting member 20, wherein 
since the movable supporting member 20 is moved in the direction 
of the upper mold 4 0 while preventing a horizontal movement of the 
movable supporting member 2 0, the upper surface of the insert 50 
is brought into contact with the underside of the upper mold 40. 
At this time, pressure that is applied to the respective pressing 
means 30 is set to a uniform pressure level. 

The plan shape of the movable supporting member 20 may be free, 
for example, rectangular, polygonal, or circular, and the plan shape 
of the recess 11 on the upper surface is similar to that of the 
insert 50. 

With the above-described operations, if there exists, for 
example, a portion whose thickness is not uniform on a part of the 
insert 50 surface, although a thick portion of the insert 50 is 
brought into contact with the underside of the upper mold 40, a 
thin portion thereof is not in contact with the underside of the 
upper mold 40. And, the thick portion at which the upper surface 
of the insert 50 is in contact with the underside of the upper mold 
40 operates just like a stopper, wherein although the pressing force 
of the pressing means 30 does not operate any longer, the pressing 
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force of the pressing means 30 further operates at the thin portion 
not in contact with the underside of the upper mold 40. Therefore, 
the movable supporting member 20 at the thick portion may be 
subjected to further bending deformation, resulting in the upper 
surface of the thin portion of the insert 50 being brought into 
contact with the underside of the upper mold 40. Finally, the entire 
upper surface of the insert 50 can be brought into close contact 
with the underside of the upper mold 40. 

The above description explains a case where a portion, having 
an uneven thickness, of the insert 50 is small, wherein there is 
no need for the pressing forces of a plurality of pressing means 
30 to be individually controlled. However, in a case where a portion 
having an uneven thickness is large, it is preferable that the 
pressing forces are individually controlled, and the respective 
pressing means 30 are operated so that the respective surfaces of 
the insert 50 are uniformly brought into contact with the underside 
of the upper mold 40. 

It can be judged as shown below whether or not the thickness 
of the insert 50 is not uniform at a part thereof, and a gap is 
produced between the upper surface of the insert 50 and the underside 
of the upper mold 40. That is, if the insert 50 is uniform in a 
case where the respective pressing means 30 are operated with 
uniform pressure, the entire upper surface of the insert 50 is 
brought into contact with the underside of the upper mold 40 at 
the same time. Resultantly, the amounts of movement of the shafts 
of the pressing means 30 become equal to each other . To the contrary, 
if the amounts of movement of the shafts 31 of the pressing means 
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30 are equal to each other where the insert 50 is provided with 
parts having an uneven thickness, a stopper operates on the pressing 
force of the shaft 31 at a part having a large thickness earlier 
than that at the shaft 31 having a small thickness. The difference 
can be known by detecting the amounts of movement of the respective 
shafts 31 of the pressing means 30. Further, where the amount of 
movement of the shaft 31 of a certain pressing means 30 is remarkably 
large or small, it can be recognized that the unevenness of the 
insert 50 is remarkable. In such a case, it is possible to remove 
an unsuitable insert 50 by suspending the molding and opening the 
molds . 

With the above-described operations, that is, if detection 
of unevenness in the thickness of the insert 50, judgement of 
permissible unevenness or non-permissible unevenness with respect 
to the thickness, and exclusion of an unsuitable insert 50 are 
carried out by automatic control, this is advantageous in 
maintaining quality, improving production efficiency and 
decreasing production losses. 

As has been made clear in the above description, in the present 
invention, the movable supporting member 2 0 is not made of a rigid 
body as in the prior arts, but it is important for the movable 
supporting member 20 to have flexibility. The flexibility is, for 
example in an embodiment as shown in Fig. 1, such that the movable 
supporting member 20 has flexibility when it is measured at a 
distance equivalent to the distance of the pressing means 30 
prepared at adjacent positions and diagonal positions. It does not 
mean that the movable supporting member 20 is flexible in a range 
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of, for example, several centimeters, centering around a point with 
which the tip end of the shaft 31 of the pressing means 30 is brought 
into contact. In the latter mode, a projection is formed only at 
a portion with which the tip end of the shaft 31 is brought into 
contact, and clearance is produced at the surrounding thereof. This 
is disadvantageous* 

A description is given of the flexibility with which the 
movable supporting member 20 should be provided, in compliance with 
Fig. 3. Flexibility means a characteristic of bending and deforming 
due to an external force and returning to its original 'shape by 
removing the external force. In order for the movable supporting 
member 20 to have flexibility, it is necessary that the material 

(for example, a metallic plate having a resiliency like a spring) 
and a shape dimension so as not to lose flexibility are established. 

At the movable supporting member 2 0 shown in a schematic view, 
points PI through P4 are shown, with which the tip ends of the shafts 
31 of the pressing means 30 are brought into contact on the underside 
of the bottom. Lines A through D shown by hypothetical lines in 
Fig. 3-A, respectively, indicate the directions of deformation of 
the movable supporting member 20. For example, line A indicates 
deformation between point PI and point P2 (point P2 side is deformed 
upwards) , line B indicates deformation between points PI and P3 

(point P3 side is deformed upwards), and line C indicates 
deformation between points PI and P4 (point P4 side is deformed 
upwards) . 

The deformation between the above-described points is produced 
in a combined state although not being illustrated. Fig. 3-B shows 
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that the deformation indicating the flexibility of the movable 
supporting member 2 0 is not of such a character as shown in a 
projection locally produced at a portion of, for example, point 
PI . 

Based on views A through F in Fig. 4 and Fig. 5, a description 
is given of a cycle of insert molding for which an insert molding 
metal mold according to the invention is used. Also, the cross 
section shown therein is indicated by the line IV- IV in Fig. 1. 

Fig.4-A shows a state where the lower mold 10 is open below 
the upper mold 40, wherein a gate 42 that becomes a resin flow pass 
and a cavity 41 that becomes a resin-molding portion are prepared 
at the upper mold 40. On the other hand, a recess 11 is formed at 
the upper end side of the lower mold 10, and a movable supporting 
member 20 is disposed therein. The tip ends of shafts 31 of pressing 
means 30 are disposed so as to be brought into contact with the 
bottom of the movable supporting member 20. 

Fig. 4-B shows a state where an insert 50 is disposed on the 
upper surface of the movable supporting member 20. The insert 50 
may be manually or automatically disposed. 

As shown in Fig. 4-C, as the insert 50 is completely disposed, 
the lower mold 10 is moved toward the upper mold 40, wherein the 
molds are being tightened. 

As shown in Fig.4-D, as the molds are completely tightened, 
the pressing means 30 are driven to elevate the shafts 31. When 
the tip ends of the shafts 31 are brought into contact with the 
bottom of the movable supporting member 20 and are further elevated, 
the movable supporting member 20 is accordingly elevated to cause 
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the upper surface of the insert 50 to come in contact with the 
underside of the upper mold 40. At this time, where a difference 
is produced in thickness at both sides of the insert 50, the movable 
supporting member 20 that is pressed by the tip ends of the shafts 
31 is deformed in such a direction as to remove the difference in 
thickness of the insert 50. That is, the movable supporting member 
20 is bent and deformed in such a direction that the thinner portion 
of the insert 50 is raised, whereby it is possible to prevent 
clearance on the contacting surface between the underside of the 
upper mold 4 0 and the insert 50 from occurring. 

A further description is given of the above-described action. 
Where there is a partial difference in thickness at the insert 50, 
when the insert 50 is moved toward the upper mold 40, a thicker 
side of the insert 50 (h2 in Fig. 6, hereinafter, this is the same) 
is first brought into contact with the upper mold 40, and as the 
shaft 31 that presses a thinner side (hi in Fig. 6, hereinafter, 
this is the same) further continuously presses the thinner side 
thereof, the movable supporting member 2 0 is bent and deformed, 
until hi and h2 are brought into surface contact with the underside 
of the upper mold 4 0, at a span from the base point of the contacting 
position side of the top point of the above-described h2 to the 
thinner side (hi) . 

In a state shown in Fig. 4-D, a synthetic resin and the like 
are injected through a gate 42, and the cavity 41 is filled with 
the synthetic resin. 

Fig. 5-E shows a state where the molds are opened after waiting 
for cooling (solidification) of the filled synthetic resin at an 
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appointed period of time. A molded product is manually or 
automatically taken out. Also, in the mode of the invention shown 
in Fig. 5-E, the movable supporting member 20 is dropped onto the 
bottom of the recess 11 by operating the pressing means 30 in 
interlock with the opening of the molds and lowering the shafts 
31. However, the operation may be carried out in the order of mold 
opening, removal of molded products and dropping of the movable 
supporting member 20. 

Fig.5-F shows the initial state, that is, returning to the 
state shown in Fig. 4-A. One cycle of injection molding is completed 
through the above operations. 

According to the invention, such an effect is brought about, 
which can solve problems of defective molding such as occurrence 
of burrs, which may occur in a large-sized molded article or insert 
molding by using a large-sized insert as described in detail in 
the object of the invention. 
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(Remarks) Reference numbers in the drawings indicate the following 
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